Early disruption of steroids affects the development of mammalian neural circuits underlying affective processes. In humans, patients with classic congenital adrenal hyperplasia (CAH) can serve as a natural model to study early hormonal alterations on functional brain development. CAH is characterized by congenital glucocorticoid insufficiency, leading to altered hypothalamic-pituitary-adrenal (HPA) function, and hyperandrogenism. Using fMRI, we compared fourteen adolescents with CAH to 14 healthy controls on amygdala response to a face viewing task. In response to negative facial emotions, CAH females activated the amygdala significantly more than healthy females, whereas CAH males did not differ from control males. Furthermore, females with CAH showed a similar pattern of amygdala activation to control males, suggesting virilized amygdala function in females with CAH. These findings suggest a prominent effect of early hyperandrogenism on the development and function of the amygdala in females with CAH, whereas no effects were detected in males with CAH. This study provides data that can be further tested in a model of the neurobiological mechanisms underlying early androgen organizational effects on amygdala function. Published by Elsevier Ltd.
Steroids have been associated with behavioral deficits, corticosteroids with mood and anxiety (Charney, 2004; de Kloet, Joels, & Holsboer, 2005) , and androgens with aggression and social dominance (Rowe, Maughan, Worthman, Costello, & Angold, 2004; Zitzmann & Nieschlag, 2001 ). The precise neural mechanisms underlying these associations remain unclear. Effects of steroids on brain and behavior could involve organizational neural mechanisms, i.e., permanent changes in the structure or function of the brain following steroid exposure in utero or during critical periods of development. These effects have been delineated in animal models (see review Negri-Cesi, The examination of brain function in patients with classic (severe) congenital adrenal hyperplasia (CAH) provides a natural model for examining such influences. Classic CAH is an autosomal recessive genetic disorder with a prevalence rate estimated at one in 15,000 live births (Merke & Bornstein, 2005) . It is characterized by impaired cortisol biosynthesis, with severe androgen excess. The deficit of adrenal cortisol, by removing its negative feedback, stimulates the secretion of pituitary adrenocorticotropic hormone (ACTH) and hypothalamic corticotropin-releasing hormone (CRH). Overstimulation of the adrenals by ACTH results in excessive androgen production.
Levels of testosterone in utero in the female fetus affected by classic CAH are comparable to that of an unaffected healthy male fetus. Because of the exposure to high levels of testosterone in utero, females with classic CAH are born
